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Introduction

The harvest of renewable natura resourcesis predicated on the theory of density-dependent population
growth (Hilborn et d. 1995). Thistheory predicts a negative relaionship between the intringc rate of
population growth and population densty (i.e., number of individuas per unit of limiting resource) due
to intraspecific competition for resources. In ardatively stable environment, unharvested populations
tend to settle around an equilibrium where births balance desths. Populations respond to harvest losses
by increasing reproductive output or through decreased natural mortality because more resources are
available per individud. Population size eventudly settles around a new equilibrium and the harves, if
not too heavy, can be sustained without destroying the breeding stock. Resource managers typicaly
attempt to maximize the sustainable harvest by driving population densty to alevel that maximizesthe
intringc rate of population growth (Beddington and May 1977).

Although the theoretica basis for harvesting renewable resources is fairly straightforward, the practice
of harvest management has had its share of difficulties. History is replete with cases where uncontrolled
variation in harvests or the environment, naive assumptions about system response, and management
policies with short time horizons have led to resource collgpse (Ludwig et d. 1993). To be successful,
sustainable harvesting depends on an ahility to effectively regulate the size of the harvest, on a sound
understanding of the biologica system and its density-dependent responses, and on management
objectives that are congruent with the renewa capacity of the resource. Even with afirm commitment
to long-term resource conservation, harvest managers always will be burdened by complex, dynamic
systemsthat are only partialy observable, and by management controls that are indirect and limited. It
is for these reasons that a coherent framework for managing ecological risk is necessary.

Harvest management decisons involve three fundamental components: (1) unambiguous objectives, (2)
asdt of dternative harvest actions, including any congraints on those actions; and (3) the predicted
conseguences of those actionsin termsthat are relevant to the stated management objectives. The
consequences of harvest actions cannot be predicted with certainty, and the associated risk is what
makes management decisons difficult. | define risk as the probability of a management outcome, where
the probability can be assessed rdiably from past experience with the resource or with asimilar
biologicd sysem. Thus, risk differs from true uncertainty, in which past experience provides no guide
for the future (Costanza and Cornwell 1992). In keeping with the definitionsin this book, ecologica
risk assessment involves associaing empirica probabilities of possible system responses with dternative
management actions. Ecologica risk management then is the process of using management objectives
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to vaue those (probabiligtic) responses so that a preferred management action can be identified.

My purpose hereis to describe the process of risk assessment and management used to establish
waterfowl hunting regulations in the United States. | begin by providing information about the
regulations-setting process, and about the biologica monitoring and assessment programs that provide
the basis for decison making. Next, | provide a description of the conceptua framework and key
features of waterfowl harvest management. Finaly, | provide an example of thisframework asit is
gpplied to the management of malard harveds.

Background

Federd regulations governing the sport hunting of waterfowl in the United States have significant
biologica and socioeconomic impacts. Each year, roughly 13 million waterfowl, principaly malards
(Anas platyrhynchos), teal (A. crecca, A. discors), wood ducks (Aix sponsa), and Canada geese
(Branta canadensis) are harvested by about 1.5 million sport hunters (U.S. Fish and Wildlife Service
1988). In some cases, sport harvests represent up to 25 percent of the post-breeding population size
(Anderson 1975). The impact of hunting activity on the economy aso is sgnificant. Waterfowl hunters
in the United States spend over $500 million in pursuit of their sport, and the total economic output is
estimated at $1.6 billion annudly (Teid and Southwick 1995).

The U.S. government’ s authority for establishing waterfowl hunting regulationsis derived from treaties
for the protection of migratory birds sgned with Greeat Britain (for Canadain 1916), Mexico (1936),
Japan (1972), and the Soviet Union (1978) (U.S. Fish and Wildlife Service 1975). These tregties
prohibit al take of migratory birds from March 10 to September 1 each year, and provide for hunting
seasons not to exceed 3¥2 months. Each year, the U.S. Fish and Wildlife Service (USFWS) solicits
proposals for hunting seasons from interested parties, and after extengive public deliberations,
edtablishes guiddines within which States select their hunting seasons. States may be more redtrictive,
but not more liberd, than federa guiddines dlow. Hunting regulations typicaly specify season dates,
daily bag limits, shooting hours, and lega methods of take.

Waterfowl hunting regulations have worked reasonably well, as evidenced by levels of hunting
opportunity and harvest that have been maintained for at least 30 years. Thisrecord of successis
notable, given that natural resources often are over-exploited to the point of economic extinction
(Ludwig et d. 1993). Thisisnot to say, however, that the process of setting waterfowl hunting
regulations has been without problems. The process often is plagued by controversy, contentiousness,
and, on occasion, court chalenges and Congressiond intervention (Felerabend 1984, Babcock and
Sparrowe 1989, Sparrowe and Babcock 1989). These difficulties stem from uncertainty (or
disagreement) about the impacts of regulations on harvest and waterfowl abundance, and from harvest
management objectives that often are vague, ambiguous, or incommensurate (Johnson et d. 1993). In
the face of these ambiguities, the USFWS traditiondly has taken a conservative gpproach to hunting
regulations, thereby exacerbating the potentid for conflict, particularly during periodic downturnsin
waterfowl abundance (Blohm 1989).



Beginning in the mid-1980s, the USFW'S began searching for ways to improve the regulation of
waterfowl harvests. An effort to stabilize regulations, and thus avoid much of the annua debate about
appropriate regulatory responses to environmenta variation, was eventually abandoned (U.S. Fish and
Wildlife Service 1988). The search for an dternative approach intengfied in the 1990s, when large
changesin the abundance of ducks prompted renewed controversy about agppropriate harvest levels.
Eventudly, improvements in the regul atory process were framed in terms of adaptive resource
management, in which there is an explicit accounting for uncertainty as to management impacts, and for
the influence of management actions on reducing that uncertainty (Williams and Johnson 1995). Since
1995, malard hunting regulaionsin the United States have been prescribed by aforma process
referred to as adaptive harvest management (Johnson et d. 1996). Efforts are now underway to
extend the process to include other species of migratory game birds.

The Regulatory Process

The USFWS derives its responsbility for establishing sport-hunting regulations from the Migratory Bird
Treet Act of 1918 (as amended), which implements provisions of the internationa treeties for migratory
bird conservation. The Act directs the Secretary of Agriculture to periodicaly adopt hunting regulations
for migratory birds, “having due regard to the zones of temperature and to the distribution, abundance,
economic vaue, breeding habits, and times and lines of migratory flight of such birds” (U.S. Fish and
Wildlife Service 1975). The responghility for managing migratory bird harvests has since been passed
to the Secretary of the Interior and the USFWS. Other legidative acts, such asthe Nationa
Environmenta Policy Act, the Endangered Species Act, the Adminigtrative Procedure Act, the
Freedom of Information Act, and the Regulatory Flexibility Act, provide additiond responghilitiesin the
development of hunting regulations, and help define the nature of the regulatory process (Blohm 1989).

Goals of the regulatory process are:

Q to provide an opportunity to harvest a portion of certain migratory game bird populations by
edtablishing legd hunting seasons;

2 to limit harvest of migratory game birds to levels compatible with their bility to maintain their
populations;

3 to avoid the taking of endangered or threatened species so that their continued existence is not
jeopardized, and their conservation is enhanced;

4 to limit taking of other protected species where there is a reasonable possibility that hunting is
likely to adversdly affect their populations,

) to provide equitable hunting opportunity in various parts of the country within limitsimposed by
abundance, migration, and digtribution patterns of migratory birds, and

(6) to assg, a times and in specific locations, in preventing depredations on agricultura crops by
migratory game birds (U.S. Fish and Wildlife Service 1988).

Most waterfowl hunting regulations are established annudly, within atimetable that is congtrained on
one end by the timing of biological data collection, and on the other end by the need to give states and
the public adequate opportunity for involvement before hunting seasons are established. Information on
waterfowl population status, and on the outlook for annud production, istypicaly unavailable until early



summer of each year. Some waterfowl hunting seasons open as early as mid-September, so that the
time avallable for interpreting biologica data, developing regulatory proposas, soliciting public
comment, and for establishing and publishing hunting regulations, is extremely limited. Problems or
delaysin the process can result in closed hunting seasons because pro-active regulatory action is
required to dlow any harvest of migratory birds.

The annud regulatory process is documented in the Federal Register, which provides a detailed
record of proposas, public comment, government responses, fina regulatory guiddines, and hunting-
season salections by individua states. The process includes two devel opment schedules, dedicated to
“early” and “lat€’ hunting seasons. Early seasons generdly are those opening prior to October 1, and
include those for migratory birds other than waterfowl (Gruidae, Rallidae, Phalaropodidae, and
Columbidae), and for dl migratory birdsin Alaska, Puerto Rico, and the Virgin Idands. Late-season
regulations pertain to most duck and goose hunting seasons, which typically begin on or after October
1. The early-season and late-season processes occur concurrently, beginning in January and ending by
late September of each year.

Early each year, the USFWS announces its intent to establish waterfowl hunting regulations and
provides the schedule of public rule-making (Fig. 7.2.1). The director of the USFWS gppoints a
Migratory Bird Regulations Committee (SRC), which presides over the process and is respongble for
regulatory recommendations. The SRC convenes two public meetings during summer to review
biologica information and to consder proposals from Regulations Consultants, who represent Hyway
Councils (Fig. 7.2.2). Flyway Councils, and the state fish and wildlife agencies they represent, are
essentid partnersin the management of migratory bird hunting. After deliberations by the SRC and
Regulations Consultants, the USFWS presents hunting-season proposals at public hearings and in the
Federal Register for comment.

Following public comment, the USFWS develops find regulatory guidelines and forwards them to the
Secretary of the Interior for gpprova. These guidelines, referred to as framework regulations, are
Hyway-specific and specify the earliest and latest dates for hunting seasons, the maximum number of
days in the season, and daily bag and possession limits. States sdlect hunting seasons within the bounds
of these frameworks, usualy following their own process for proposds and public comment. Find
hunting regulations, including any state-imposed restrictions, are published in the Federal Register.

Biological Monitoring

A key component of the regulatory process conssts of data collected each year on population status,
habitat conditions, production, harvest levels, and other system attributes of management interest (Smith
et d. 1989). This program of monitoring is essentid for discerning resource status, and for modifying
hunting regulations in response to changes in environmenta conditions. The system of waterfowl
monitoring in North Americais unpardlded in both scope and intensity, and is made possible only by
the cooperative efforts of the USFWS, the Canadian Wildlife Service, state and provincid wildlife
agencies, and various research inditutions. | here provide a brief description of these monitoring
programs.



Surveys conducted from fixed-wing aircraft at low dtitudes are amaingtay of waterfowl managemen.
Among the most important of these surveys are those conducted in the principal breeding range of
North American ducks (Smith 1995). Each spring, duck abundance and habitat conditions are
monitored in over 5 million kn? of breeding habitat, using 89 thousand km of aerid transects (Fig.
7.2.3). Ground surveys are conducted on a subset of the aerid transects to estimate the proportion of
birds that are undetected from the air. The centra portion of the breeding range is surveyed again in
mid-summer to estimate the number of duck broods, and to assess the progress of the breeding season.
These surveys have been operationa since the 1950s and provide the most important criterion for
Setting annua duck-hunting regulaions.

Waterfowl abundance aso is determined during winter through a network of aeria surveysin the
United States and Mexico (Smith et d. 1989). These surveys originated in the 1930s and were the
basis for establishing duck-hunting regulations prior to the development of breeding-ground surveys.
Winter surveys are intended to provide a census of mgjor waterfowl concentration aress, but they lack
the rigorous satistical design of breeding ground surveys. Therefore, estimates of winter waterfowl
abundance lack measures of precison, and are subject to error resulting from variation in the
digtribution of birds relative to surveyed areas. Nonetheless, winter surveys provide useful information
about large-scale waterfowl distribution and habitat conditions, and they remain the primary basis for
Setting most goose-hunting regulations.

Waterfowl are dso monitored through a large-scade marking program, in which individualy numbered
leg bands are placed on over 350 thousand birds annudly, usudly just prior to the hunting season. The
band inscription asks the hunter or finder of adead bird to report the band number, date, and location
to the USFWS. Banding is the principa tool used to understand migratory pathways, and wasthe
basis for establishing the four adminigrative flyways (Lincoln 1935). The banding program dso is
essentia for understanding tempora and spatid variation in rates of harvest and naturd mortaity
(Brownieet a. 1985).

The USFWS dso conducts hunter surveys to determine hunting activity, harvest by species, date, and
location, as well as age and sex composition of the harvest (Martin and Carney 1977). This monitoring
program is conducted viaamail questionnaire, which is completed by a sample of 30-35 thousand
waterfowl hunters across the United States. The sampling frame is derived from purchasers of federa
Migratory Bird Hunting and Conservation (“duck”) Stamps at randomly selected post offices or, more
recently, directly from the sae of state hunting licenses. Questionnaire results provide the basis for
estimating hunting effort and total waterfowl harvest. In addition to the questionnaire, about 8 thousand
hunters send in wings or tails of harvested birds so that the species and demographic structure of the
harvest can be determined reliably. A complete record of the waterfowl harvest in the United States
extends back to 1962.

Predicting Regulatory | mpacts

Long-term data from monitoring programs are used to estimate key population parameters such as
survival and reproductive rates, and to associate levels of harvest with various regulatory scenarios



(Martin et d. 1979). These and other relevant data then are used to construct dynamic population
models, which describe how waterfowl abundance variesin response to harvest and uncontrolled
environmentd factors (Williams and Nichols 1990). These moddsin turn are used to inform the
regulations process, by assuming that population status is directly related to harvest, and that harvest
can be predicted as afunction of hunting regulations (Johnson et d. 1993). By building on accumulated
monitoring data, these modds congtantly evolve to reflect a growing understanding of waterfowl
population dynamics and the impacts of harvest.

Unfortunately, the modeling of waterfowl populations and their harvest continues to be characterized by
great uncertainty. In many cases, the sheer number and complexity of historic hunting regulations,
combined with inadequate replication and experimenta controls, has precluded reliable inference about
the relationship between regulations and harvests (Nichols and Johnson 1989). Managers know even
less about the impact of harvest on subsequent waterfowl population size. Particularly problematic in
this regard are questions about the nature of density-dependent population regulation, which provides
the theoretical basis for sustainable exploitation (Hilborn et d. 1995). It isthese uncertainties about the
rel ationships among hunting regulations, harvest, and population Sze that are a principa source of
controversy in the regul ations-setting process.

Framework for Adaptive Harvest M anagement

Adaptive management can be defined as management in the face of uncertainty, with afocus on its
reduction (Williams and Johnson 1995). In this approach, there is an explicit acknowledgment that
uncertainty, and therefore risk, are inherent features of naturad resource management. Unlike sandard
gpproaches to risk management, however, adaptive management involves the recognition that
management itself can be a useful tool for reducing uncertainty, so that long-term management
performance can be improved. Thus, adaptive management can be characterized as a problem of dual
control, in which managers attempt to learn about system dynamics while smultaneoudy pursuing
traditional management objectives (Walters 1986).

In adaptive harvest management, waterfowl managers seek to maximize long-term harvest yidd against
abackground of various sources and degrees of uncertainty (Williams et d. 1996). These sources of
uncertainty are identified usng the terminology of operations research and decison theory, in part to
emphasize that waterfowl harvest management fals within abroad class of problemsin optimal
stochastic control (Nicholset d. 1995). An easily recognized source of uncertainty is uncontrolled
environmenta variation, which produces random variation in resource status. Another source of
uncertainty is partid controllability, which expresses alack of concordance between intended and
actua management controls, as aresult of indirect actions (e.g., harvest regulations) that are imprecisdy
linked to specific control levels. A third source, referred to as partid observability, results from
imprecison in the monitoring of harvest, population levels, and other system aitributes. Findly,
dructural uncertainty refers to an incomplete understanding of biologica processes and the impacts of
hunting regulations. Although it is structura uncertainty thet is the focus of adaptive harvest
management, dl sources of uncertainty influence both the ability to produce biologicaly acceptable
harvestsin the short term, and to learn about system dynamics so that harvest levels can be sustained



over the long term.

To account for these sources of uncertainty, adaptive harvest management was framed in terms of
sequentia decision making under uncertainty, or more particularly in terms of a stochastic control
process (Puterman 1994). In this conceptua model, the manager periodically observes the state of the
resource system (e.g., population size and relevant environmenta features) and takes some
management action (e.g., hunting regulations) (Fig. 7.2.4). The manager receives an immediate return,
expressed as a function of benefits and costs that are relevant to the stated objectives of management.
Based on the management action, the resource system subsequently evolves to anew state, with the
trangtion aso being influenced by uncontrolled environmental factors. The manager then observes the
new system state, and makes anew decison. The goa of the manager isto make a sequence of such
decisons, each based on information about current system satus, so as to maximize management
returns over an extended time frame.

By taking advantage of the nature of decison making and system behaviors in waterfowl harvest
management, it is possible to characterize the stochastic control problem asaMarkov decision

process. Inthisclass of sequentid decision process, management actions, returns, and system
trangtions are described only in terms of current system state and action, and not on states occupied or
actionstaken in the past. Given this smplifying congtraint, computing algorithms and software are
available for determining the optima regulatory choice for the array of possble resource states
(Puterman 1994, Lubow 1995, Williams 1996). An essentia element of the optimization processisa
set of state and action dependent probabilities, which are associated with possible management
outcomes (i.e., returns and system trangitions). It isthese probabilities that reflect key stochastic effects
and uncertainties in system dynamics.

A magor advantage of adaptive harvest management over traditiona gpproachesisin the explicit
acknowledgment of dternative hypotheses describing the effects of regulations and other environmenta
factors on population dynamics. These hypotheses are codified in a set of sysslem models, which is
associated with a set of model-specific probabilities. These probabilities reflect the relative ability of the
dternative models to describe system dynamics. Over time, some models are expected to perform
better than others, and this performance is assessed by comparing the model -specific prediction of
changes in population sze with the actud change observed from the monitoring program. By iteratively
updating modd probabilities and optimizing regulatory choices, the process eventualy should identify
which modd is most gppropriate to describe the dynamics of the managed population.

Thus, the adaptive approach is afour-step process:

@ each year, an optimal regulatory decision isidentified based on resource status and current
mode probabilities;

2 once the decision is made, modd-specific predictions for subsequent breeding-population size
are determined,

3 when monitoring data become available, model probabilities are increased to the extent that
observations and predictions agree, and decreased to the extent that they don't agree; and



4 the new set of modd probabilities then are used to start another iteration of the process.

The optimization dgorithm and process for updating mode probabilities are described in more detall in
the Appendix to this chapter.

The key operationa eements of the processinclude:

@ a st of dternative models, describing population responses to harvest and uncontrolled
environmenta factors,

2 a set of modd-specific probabilities, which change through time based on comparisons of
predicted and observed population sizes,

3 aset of aternative choices for harvest regulaions, and

4 an objective function, by which harvest strategies can be evauated.

These components are used to derive an optima harvest policy, which specifies the appropriate
regulatory choice for various resource states and probabilities associated with the aternative models of
population dynamics (Johnson et d. 1997).

The framework of adaptive harvest management has improved the regulatory process by providing a
formal and coherent structure to the decision-making problem and, thus, by informing debate about
gopropriate levels of harvest. Unlike the traditiond theory of maximum sustained yield (Beddington and
May 1977), the adaptive framework accounts explicitly for the dynamic nature of ecologica systems
and of our understanding of those systems. The framework does have its shortcomings, however.
Adaptive harvest management cannot resolve conflict over management objectives, nor can it be
effective without along-term commitment to the resource and to the pursuit of useful information about
population dynamics. The adaptive harvest management process also cannot determine which
management actions to consder nor prescribe specific biologica hypotheses. These issues demand
effective inditutiond structures for determining how harvests should be valued by society, and for
ensuring productive partnerships between resource management and research.

An example: Mallard Harvest M anagement

Four dternative population models capture key uncertainties (or risks) regarding the effects of harvest
and environmenta conditions on malard abundance. The four modd s result from combinations of two
discrete mortaity and two discrete reproductive hypotheses (Fig. 7.2.5). The mortality hypotheses
express different views about the effects of harvest on annua survivorship. Under the additive mortdity
hypothes's, surviva rate declines as alinear function of harvest rate. Under the compensatory mortdlity
hypothes's, increases in harvest rate below some threshold do not result in corresponding decreases in
survivorship. The theoretical underpinning of the compensatory hypothessis density-dependent
mortdity, in which mortdity due to hunting is offset by declinesin naturd mortdity. The reproductive
hypotheses represent aternative views regarding the degree to which per-capita reproductive rate
declines with increases in mallard abundance and, thus, are dso expressions of density-dependent
population regulation.



In addition to structurd uncertainty, there is an explicit accounting for uncontrolled environmental
variation and for partid controllability of harvest rates. Stochadticity in environmental conditionsis
characterized by a set of probabilities assigned to various amounts of annud precipitation in southern
Canada (Fig. 7.2.6). Precipitation influences the number of available ponds, which are an important
determinant of mallard reproductive success. To account for partid controllability, regulations-specific
probabilities are assigned to possible rates of harvest (Fig. 7.2.7).

Conditioned on the specification of structurd uncertainty, environmentd variation, and partia
controllability, an optima regulatory policy is one that is expected to maximize long-term cumulative
harvest utility. Harvest utility may be defined smply as harvest yield, or as afunction of harvest and
other performance metrics such as waterfowl population size. For mdlards, managers seek to
maximize long-term cumuletive harvest, but proportionally deva ue harvests whenever population sizeis
expected to fdl below the god of the North American Waterfowl Management Plan (Johnson et dl.
1996). Defining harvest utility in this way decreases the likelihood of regulatory decisonsthat are
expected to produce population sizes below god. Of course, harvest utility aso should account for
cogts, but this has not been necessary in malard harvest management because the cost of promulgating
hunting regulations does not depend on the nature of the regulatory decision.

Optima harvest regulations for malards are highly dependent both on the status of the resource and on
the probabilities associated with the dternative models of system dynamics (Fig. 7.2.8). Regardless of
model probabilities, hunting regulations become more liberd with increasing malard and pond numbers.
For agiven number of malards and ponds, optima regulatory choices become more liberd asthe
probability of compensatory hunting mortdity and strongly density-dependent reproduction increases.

When the AHM process was initiated in 1995, the four dternative models of population dynamics were
consdered equdly likdly, reflecting a high degree of disagreement about harvest and environmenta
impacts on malard abundance. Mode probabilities changed markedly in 1996, and have remained
relatively stable since (Table 1). On the whole, comparisons of observed and predicted population
gzes provide strong evidence of additive hunting mortaity and moderate evidence of strongly dengity-
dependent reproduction. However, the set of model probabilities smply reflect the relative
performance of dternative modds, and conclusions regarding biologica mechanisms are equivoca due
to the lack of arigorous experimenta design.

Relationship to the ERM Framework

The AHM process was conceived and implemented independently of the ERM framework described
inthisbook. Nonetheless, the generd (i.e., ERM) and specific (i.e., AHM) approaches to ecological
risk management are in conceptud agreement. Both AHM and ERM begin with a clear articulation of
the management issue, including a bounding of the problem in ecological, socid, and politica
dimensions. Both approaches acknowledge that management goals and objectives are va ue based, but
nonetheless must be unambiguous and quantified if they are to be useful in selecting a preferred
management policy or strategy. Both gpproaches require an a priori specification of management
options or dternatives, recognizing that the set of acceptable aternatives must be limited to facilitate



their assessment. Findly, both ERM and AHM depend on empirical data and its assessment to predict
(probabiligticaly!) the ecologica and socid consequences of dternative management actions.

The principd difference between the ERM and AHM approaches involves the higher degree of
formaism and anayticd rigor in the laiter. AHM relies heavily on the gpplication of decison theory
(Puterman 1994, Clemen 1996), in which an anaytical structure provides a more systematic and
objective gpproach to decison making. This Structure is especidly useful in harvest management,
involving as it does sequentia or dynamic decison making. Ecologica management rarely involves
gtuationsin which decisons are made only once. There are many more examples where the same
decison-making problem presentsitself at ether regular or irregular intervas (e.g., harvesting or
gtocking of animdss, vegetation management, water releases at adam). The characteridtic festure of a
sequentia decision-making process is the need to account for both current and future consegquences
associated with decisions made in the present. Recognizing that consegquences cannot be predicted
with certainty, akey difficulty in andyzing dynamic problems involves understanding how various
sources of uncertainty (i.e., uncontrolled environmentd variaion, partid syslem controllability, structura
uncertainty, and partial system observability) propagate over time. Fortunately, there have been recent
advances in computing agorithms and software for sochadtic, sequentia decision-making problems,
and optimd solutions for small-dimension problems now can be derived on modest desk-top
computers (Lubow 1995). Perhaps the most notable feature of AHM, however, is the explicit
recognition that our under standing of ecologica sysemsis aso dynamic, and controlled (to some
extent) by the choice of management actions. An a priori consderation of the impacts of management
choices on future levels of uncertainty distinguishes adaptive management (Walters 1986) from the
more traditiond tracking-and-eva uation gpproaches envisioned in ERM.

Summary

The Migratory Bird Treety Act (as amended) authorizes the federal government to establish annua
regulations governing the sport hunting of waterfowl within the United States. Because of the need to
collect and analyze biological data each year, the time available for developing regulatory proposds,
soliciting public comment, and setting hunting seasons is extremdy limited.  Although the regulatory
process has worked reasonably well from abiological perspective, it tends to be controversid because
of uncertainties and disagreements about the impacts of regulations on harvest and waterfowl
abundance. The USFWS recently developed an approach referred to as adaptive harvest
management, in which managers seek to maximize long-term harvest yield againg a background of
various sources and degrees of uncertainty. The key feature of this approach is an explicit accounting
for uncontrolled environmenta variation, incomplete control over harvest levels, and key uncertainties
regarding waterfowl population dynamics. Using stochastic control methodology, regulatory policies
are designed to produce both short-term harvest yidld, as well as the biologica learning need to
improve long-term management performance. This adaptive process, which has been used to regulate
mallard harvests since 1995, has proved to be an effective tool for consdering the relative risks of
aternative management outcomes, and for reducing uncertainty about regulatory impacts.
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Appendix

Regulatory policies governing waterfowl harvests are identified usng arecursve dgorithm, in which the
expected utility (or value) of harvest V(R*X,) over thetimeframe6=t,t + 1, ..., T isconditioned on
sysem date X; & timet, with R being a policy of time-specific and State-specific regulatory decisons.
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where u; , is amodd-specific harvest utility and and p; , represents the probability that modd i isthe
most appropriate model of system dynamics (Johnson et d. 1997). The expectation (E) is taken with
respect to environmenta variation and partia controllability using discrete, empirica probability
digributions. An optima regulatory policy is one that maximizes the expected cumulaive harvest utility,
V(R[X).

System models that are relatively good predictors of population size gain probability mass according to



Bayes Theorem:

P i (XL, X1)
P XL Xg)

Pi w1

wherel; (X1,, X1, ,) isthe probaility of observed changesin population szefromt to t+1,
conditioned on mode i (Hilborn and Walters 1992:503-504). This probability is calculated by
assuming that observed population szeswill be digtributed normally around the prediction (Hilborn and
Walters 1992:504, Williams et d. 1996), and by deriving a smulated probability density function of
predicted population size (W. Kendall, Patuxent Wildlife Research Center, personal communiceation).
These dengity functions are generated from the structure of modd i, and from assumed distributions for
sampling variation in X, (i.e., partid observability) and variation in harvest rates under a given regulatory
decision (i.e, partid controllability).



Table7.2.1. Year-specific probabilities associated with dternative hypotheses of mdlard population
dynamics. The additive mortaity hypothesis predicts alinear decrease in annua survivorship with
increases in harvest mortdity. The compensatory hypothesis predicts that, below some threshold,
annud survivorship will remain unchanged for increases in harvest mortdity. The strong dengity-
dependent reproductive hypotheses predicts a greater decrease in reproductive output with increasesin
population size than the hypothesis of weak density dependence.

Model probabilities

Mortality Reproductive
hypothesis hypothesis 1995 1996 1997 1998

Additive Strong density 0.2500 0.6417 0.5668 0.6462
dependence

Additive Weak density 0.2500 0.3576 0.4235 0.3537
dependence

Compensatory Strong density 0.2500 0.0005 0.0082 0.0001
dependence

Compensatory Weak density 0.2500 0.0002 0.0015 0.0000

dependence




Fig. 7.2.1. Approximate timetable used by the U.S. Fish and Wildlife Service for setting annud hunting
regulations for migratory birds.

March 11 - Proposed rulemaking
with public comment periods ending
July 27 for early season regulations

and September 7 for late-season

regulations

May 21 - Supplemental
proposed rulemaking

Early seasons
(opening before 1 October)

Late seasons
(opening after 1 October)

June 23 & 24 - USFWS
Regulations Committee Meeting

August 4 & 5 - USFWS
Regulations Committee Meeting

June 25 - Public Hearing on
proposed early-season
regulations

August 6 - Public Hearing on
proposed late-season
regulations

July 15 - Supplemental proposed
rulemaking for early-season
regulations with public comment
period ending July 27

August 26 - Supplemental proposed
rulemaking for late-season
regulations with public comment
period ending September 7

August 21 - Final early-season
regulations

September 28 - Final late-season
regulations

August 31 - Final rulemaking
amending Title 50 CFR for
early seasons

September 29 - Final rulemaking
amending Title 50 CFR for
late seasons




Fg7.22. Waerfowl flyways used for administering sport-hunting regulations.




Fig. 7.2.3. Strrataand transects of the Waterfowl Breeding Population and Habitat Survey, whichis

conducted annually by the U.S. Fish and Wildlife Service, the Canadian Wildlife Service, and state and

provincid partners.




Fig. 7.24. A sequentia decison-making process, in which management decisions made over time (t)
eicit an immediate return (benefits-costs) and then, aong with uncontrolled environmentd factors, drive
the resource system to anew date.
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Fg. 7.25. Examplesof structurd uncertainty: (a) hypotheses of additive and compensatory hunting
mortality; and (b) hypotheses of weakly and strongly density-dependent reproductive rates.
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Fig. 7.26. Anexample of environmental uncertainty: frequencies of tota annua precipitation in south-
central Canada over the last 50 years.
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Fig. 7.2.7. Anexample of partia controllability: frequency digtributions for the harvest rates of adult
mae mallards resulting from four different sets of hunting regul ations as based on past experience.

0.15 0.15
] Very restrictive ] Restrictive
> 0.107 > 0.107
3 3
© N ©
Qo Qo
o o
O 0.051 O 0.051
0.00" 0.0
0.0275 0.0675 0.1075 0.1475 0.1875 0.2275 0.0275 0.0675 0.1075 0.1475 0.1875 0.2275
Harvest rate Harvest rate
0.15 0.15
. Moderate 1 Liberal
> 0.104 > 0.104
3 3
© N ©
Qo Qo
o o
Q. 0.051 0. 0.051
0.06- 0.00-
0.0275 0.0675 0.1075 0.1475 0.1875 0.2275 0.0275 0.0675 0.1075 0.1475 0.1875 0.2275

Harvest rate Harvest rate



Fig. 7.2.8. Optimd regulatory choices for mallard hunting regulations, conditioned on mallard

population size (in millions), pond numbers (in millions) on the breeding grounds, and the probakilities of

additive hunting mortality and strongly density-dependent reproduction (C=closed season, VR=very

restrictive, R=redtrictive, M

liberdl).
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